Purpose: In patients with obstructive lung diseases, alteration of intrathoracic pressure is closely related to hyperinflation and leads to hemodynamic impairments. Both intrathoracic pressure and hemodynamics are affected by the respiratory phase. In fact, a previous study showed that respiratory phasic variations in the superior vena cava (SVC) area significantly correlated with the extent of emphysema. Chronic obstructive pulmonary disease (COPD) and bronchial asthma manifest different pathophysiological changes in hyperinflation and hemodynamics. The current study was conducted to evaluate differences in respiratory variations in the cross-sectional area of the SVC between patients with COPD and with asthma. Materials and Methods: We measured the SVC area and calculated the ratio of the SVC area on inspiratory and expiratory scans (i/e-SVC ratio) in 66 patients with COPD and 16 patients with asthma. The correlations of the i/e-SVC ratios with airflow limitation, pulmonary small vessels less than 5 mm 2 (%cross-sectional area [%CSA] < 5), and respiratory changes in lung volume (i/e-LV) obtained by inspiratory and expiratory computed tomography (CT) images were evaluated. Results: There was no significant difference in i/e-SVC ratio between COPD and asthma groups. In COPD patients, the i/e-SVC ratio significantly correlated with the %CSA < 5 (ρ = −0.433, P = 0.003), i/e-LV ratio (ρ = −0.371, P = 0.011), and percent of predicted forced expiratory volume in 1 second (FEV 1 % predicted) (ρ = −0.474, P = 0.001), whereas in asthma patients, there were no significant correlations between the i/e-SVC ratio and those functional parameters. Conclusion: There would be differences in the relationship between intrathoracic pressure and cardiopulmonary hemodynamics between COPD How to cite this paper: Kotoku, A., Matsuoka, S., Yamashiro, T., Matsushita, S., Fujikawa, A., Tomita, H., Yagihashi, K. and Nakajima, Y. (2016 
Introduction
Obstructive lung disease is characterized by airway obstruction. Airway obstruction causes pulmonary hyperinflation, which can lead to an increase in intrathoracic pressure [1] [2] . Airway obstruction is also linked to an alteration in cardiopulmonary hemodynamics because pulmonary vascular alterations are related to airway obstruction [3] [4] [5] [6] and decreased pulmonary blood flow, which leads to pulmonary hypertension. Hyperinflation increases intrathoracic pressure, which leads to excessive venous pressure with a reduction in venous return and right heart filling and subsequent decreased right ventricular output [7] . Hyperinflation also has significant adverse effects on left ventricular performance [8] [9] [10] [11] .
In general, venous return is affected by intrathoracic pressure and cardiac function.
The major causes of changes in venous return are changes in right atrial pressure following changes in intrathoracic pressure [12] [13] . Furthermore, the respiratory cycle is strongly associated with variations in venous return, which are mainly due to respiratory phasic variations in intrathoracic pressure [14] . Caval diameter reduction during inspiration is felt to be due to falling intrathoracic pressure and vessel collapse due to the increase in differences in transmural pressure [15] . Alterations in intrathoracic pressure during the respiratory cycle can affect the diameter and flow velocity in the proximal major veins [16] [17] [18] . In patients with emphysema, increased intrathoracic pressure has been shown to affect respiratory phasic variations in the inferior vena cava (IVC) [1] . A recent study has shown that respiratory phasic variations of the superior vena cava (SVC) area measured using paired inspiratory and expiratory computed tomography (CT) decreased as the extent of emphysema increased [19] . In addition, there was also a significant correlation between the respiratory changes in the SVC dimension and airflow limitation, although this correlation was not as strong as the extent of emphysema [19] .
Bronchial asthma is also categorized as an obstructive lung disease, which causes airflow limitation and hyperinflation similarly to chronic obstructive pulmonary disease (COPD). However, in contrast to COPD, it is considered that marked alteration in cardiopulmonary hemodynamics does not occur in patients with asthma. If the physiological difference in hemodynamics between asthma and COPD truly exists, this may be reflected as a difference in respiratory movement of the SVC measured by combined inspiratory and expiratory CT scans. Thus, the aim of this study was: 1) to evaluate respiratory variations in the SVC area and its correlation to physiological parameters in patients with COPD and in those with asthma, and 2) to investigate the difference in these hemodynamic measurements between the COPD and asthma groups.
Materials and Methods

Subjects
This retrospective study was approved by our institutional review board, which waived the need for informed consent. One radiologist reviewed medical records and CT images obtained between October 2012 and July 2013, and identified patients who had a clinical diagnosis of mild/moderate COPD or bronchial asthma and had undergone inspiratory/expiratory CT scans and pulmonary function tests (PFT).
Exclusion criteria included prior cardiopulmonary disease, abnormal pulmonary lesions other than emphysema and bronchial asthma, pneumothorax, extensive pleural effusions, image noise that prevented image analysis, and lack of volume data. Subjects with acute exacerbation of COPD and status asthmaticus were also excluded.
Eventually, 64 COPD patients (8 women and 56 men; mean age, 72 years; age range, 55 -88 years) and 16 bronchial asthma patients (7 women and 9 men; mean age, 70 years; age range, 61 -80 years) were analyzed in this study. Characteristics of the patients, including results of PFT, are presented in Table 1 .
CT Scanning
All patients were scanned with a 64-detector CT scanner (Aquilion™64, Toshiba Medical Systems Corp., Otawara, Tochigi, Japan). CT scanning was done during breath-hold, in both deep-end inspiration, and in deep-end expiration, with the patient in the supine position. Every patient was carefully instructed on how to breathe before the scan. CT scan parameters for both scans were as follows: collimation, 0.5 mm; 120 kV; 200 mA (inspiratory scan) and 80 mA (expiratory scan); gantry rotation time, 0.5 s; beam pitch, Table 1 . Demographics, pulmonary function, and CT measurements. 
CT Measurements
The reconstructed images were transferred to a commercially available workstation (Ziostation™, Ziosoft® Inc., Tokyo, Japan). CT measurement of the SVC area has been described elsewhere [20] . In brief, the following procedures were performed: The section scanned at the level of the tracheal carina was used to measure the SVC area. The area of the SVC was calculated from the region of interest that was traced manually on the SVC on both inspiratory and expiratory scans ( Figure 1 ). All measurements were performed 3 times, and mean values were used for analysis. To evaluate respiratory phasic variations, the ratio of the SVC area on the inspiratory and expiratory scans was calculated as follows: i/e-SVC ratio = area of the SVC on inspiratory scan/area of the SVC on expiratory scan.
The same workstation used for CT measurements, which can isolate lung volumes with any threshold value, was used to obtain whole-lung volumes with attenuation values of −500 to −1024 Hounsfield units (HU) on inspiratory and expiratory scans. For the evaluation of hyperinflation [21] , respiratory changes in lung volume were calculated as follows: i/e-LV ratio = whole-lung volume on inspiratory scan/whole-lung volume on expiratory scan.
To evaluate pulmonary small vascular components, a percentage of the crosssectional area of pulmonary small vessels (%CSA < 5) was obtained. CT measurement of %CSA < 5 has been described elsewhere [22] . In brief, the following procedures were performed: First, the lung field was segmented using a threshold technique with all pixels between −500 and −1024 HU on each CT image. Next, segmented images were converted into binary images with a window level of −720 HU. On the binary images, we measured the cross-sectional area of small pulmonary vessels that were per-pendicular to the images and less than 5 mm 2 in dimension. We totaled the crosssectional areas of the vessels from all images, and %CSA < 5 was calculated by dividing the total cross-sectional areas of the vessels by the total lung areas. Figure 1 . The inspiratory and expiratory SVC areas are measured using CT images.
Pulmonary Function Tests
In this cohort, all patients underwent PFT within one month of obtaining CT scans.
Forced expiratory volume in 1 second (FEV 1 ) was measured according to standard techniques, and FEV 1 measurements were expressed as percentages of predicted values.
Statistical Analysis
We used the Wilcoxon rank-sum test to evaluate the differences in i/e-SVC, %CSA < 5,
i/e-LV, and results of PFTs between COPD and asthma groups. Spearman rank correlation coefficients were used for the evaluation of correlations of i/e-SVC with %CSA < 5,
i/e-LV, and PFT. The results are summarized in Table 2 . Data are expressed as the mean ± standard deviation for all continuous variables. For all statistical analyses, the null hypothesis was rejected at the 5% level. All statistical analyses were performed using JMP® Version 8.0 (SAS Institute Inc., Cary, NC).
Results
CT Measurements and Correlations with SVC
Results of CT measurements are shown in Table 1 . Mean i/e-SVC ratios were 0.71 ± 0.15 in patients with COPD and 0.71 ± 0.15 in patients with asthma. There was no significant difference in i/e-SVC ratio (Figure 2(a) ), i/e-LV (Figure 2(c) ), and FEV 1 % predicted (Figure 2(d) ) between COPD and asthma groups (P = 0.979, 0.550, and 0.779, respectively). Meanwhile, the %CSA < 5 in COPD group was significantly smaller than that in asthma group (P < 0.0001) (Figure 2(b) ).
The correlations of the i/e-SVC ratio with %CSA < 5, i/e-LV change, and FEV1%
predicted are shown in Figure 1 . In COPD penitents, the i/e-SVC ratio had significant correlations with the %CSA < 5 (ρ = −0.433, P = 0.003) (Figure 3 
Discussion
The present study shows that, even there is no significant difference in respiratory vari ations in the SVC area or other physiological parameters between COPD and asthma groups, these respiratory changes in SVC area were significantly correlated with airflow limitation, %CSA < 5, and i/e-LV ratio in patients with COPD, whereas no significant correlations in patients with asthma. These findings suggest that respiratory variation in the SVC area in COPD would relate to both intrathoracic pressure and cardiopulmonary hemodynamics, which cannot be seen in bronchial asthma. In healthy subjects, negative intrathoracic pressure is enhanced during inspiration [20] , and this negative pressure leads to dilation of the right cardiac chamber. Thus, venous pressure in the SVC is decreased under these conditions [8] [17] . In consequence, venous return is increased [23] [24], while simultaneously, the blood is more likely to flow into the right cardiac chambers extended by negative intrathoracic pressure, and as a result, the central vein begins to collapse [16] [17] [18] . Meanwhile, during expiration, intrathoracic pressure increases [20] . This rise in intrathoracic pressure increases the venous pressure without a significant decline in blood volume [25] [26], which leads to the dilatation of the central vein.
In patients with emphysema, diminished elastic recoil and low maximal transpulmonary pressures at total lung capacity develop [23] . The decreased distending pressures are likely related to hyperinflation, decreasing the resting length of the respiratory muscles and reducing their capacity to lower intrathoracic pressure [2] . Under the condition of insufficient negative intrathoracic pressure, the right cardiac chambers cannot dilate sufficiently, and therefore, venous pressure is not decreased. Furthermore, in COPD patients with pulmonary hypertension, both right ventricular preload and afterload increase [27] . Meanwhile, intrathoracic pressure is increased during expiration, and often turns to positive pressure, which leads to an impairment of venous return and blood filling the right cardiac chambers in combination with a decline in blood vo-
. Therefore, the central vein does not dilate sufficiently, and in patients with severe emphysema, it is plausible that these mechanisms prevent the collapse of the central vein during inspiration compared with normal subjects. In fact, one previous study showed that the i/e-SVC ratio had a significant positive correlation with the maximal percent low attenuation area (%LAA), and this study also suggested that emphysema is related to alterations of intrathoracic pressure and cardiopulmonary hemodynamics. In the current study, even in patients with mild and moderate COPD, i/e-SVC ratio significantly correlates with %CSA < 5, i/e-LV, and airflow limitations. In addition, as compared with asthma, the mean value of %CSA < 5 in COPD was signifi- Interestingly, in patients with asthma, the i/e-SVC ratio was not significantly correlated with the %CSA < 5, i/e-LV, or airflow limitation. In general, asthma is not characterized by vascular alteration, thus, cardiopulmonary hemodynamics are within normal limits. In addition, even though airflow limitation can be found to some degree, hyperinflation is not prominent during the stable status. As i/e-SVC ratio relates to hyperinflation and cardiopulmonary hemodynamics, it would not be plausible not to have significant correlations between i/e-SVC ratio and %CSA < 5, i/e-LV, or airflow limitation in patients with asthma. However, one might think that if asthmatic patients do not have hyperinflation or alteration in cardiopulmonary hemodynamics, i/e-SVC ratio should be lower than that in patients with COPD. We cannot clarify the reason for this discrepancy from the current study. There may be other factors that can affect the respiratory phasic variation of the SVC. In addition, there were some asthmatic patients who were smokers or ex-smokers in our study. Smoking causes pulmonary vascular alterations, which could also be related to these results. Although further evaluation is required, our results suggest that there are apparent differences in intrathoracic pressure and hemodynamics between asthma and COPD.
This study has some limitations. First, intrathoracic pressure was not evaluated because of the retrospective nature of the study, which is a major limitation. Although %CSA < 5 can indicate pulmonary arterial pressure and pulmonary perfusion [22] , evaluation of cardiac function was also insufficient. Second, we did not have a control group when evaluating the differences between i/e-SVC ratios. Third, various respiratory conditions might have affected our results. Although CT scans were done both at end-inspiration and end-expiration, we cannot exclude the possibility that other respiratory maneuvers were included in the scan. In fact, flow velocity in the SVC is affected by respiratory maneuvers including tidal volume, continuous inspiration or expiration, and Valsalva maneuvers [28] . In addition, changes in the SVC would be affected by body position. Thus, findings in the present study are limited to the supine position. Fourth, we did not measure the areas of the inferior vena cava and extrathoracic veins, such as the jugular vein, because it was difficult to measure these veins on non-enhanced CT images. Determining respiratory phasic variations of those veins may contribute additional information in future studies.
Conclusion
In conclusion, even there were no significant differences in respiratory variations in the SVC area between COPD and asthma groups, these variations in the SVC area significantly correlated with hyperinflation (i/e-LV), cardiopulmonary hemodynamics (%CSA < 5), and airflow limitation in patients with COPD, which was not observed in patients with bronchial asthma. These results suggest that there are apparent differences in the mechanisms of intrathoracic pressure and cardiopulmonary hemodynamics between COPD and bronchial asthma. This i/e-SVC ratio measurement may be useful to help clarify the pathophysiological features in obstructive diseases.
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